The INSIGHT simulation language describes systems in a quick, simple, and compact fashion using a network representation.
INTRODUCTION
The INSIGHT (INS) simulation language is a high level, general purpose, discrete event simulation language that allows simulation models to be described quickly and compactly. Its fundamental concepts are easy-to-learn and easy-to-use. The language does not depend on any special competence with computer programming and yet the models can be easily extended though a rich varietv of snecifications. The emnhasis on nonproced\ral facilities *and high level concepts slakes INSIGHT a simulation modelinn lannuape rather than either a simulation programming languag; 'br a parameterized simulation model. Because INSIGHT is a simulation modeling laneuaee, simulation models can be built ranidlv and the time co&n&g activities of debugging and' re'modeling are minimized, allowing users to focus on problem-solving rather than simulation mechanics.
As @portant as the simulation language is to describing s stems, t l its use in problem-solving can be greatly enhanced b e simulation environment.
On microcomputers running P c! DOS or MS-DOS, like the IBM PC and its compatibles, or on minicomputers running UNIX, such as the DEC VAX, the HP 9000, etc., INSIGHT is implemented in a fully interactive environment.
Models are constructed and analyzed by interacting directly with the computer.
Help is immediately available and support exists for selecting input distributions, writing specifications, and diagnosing errors. Interactive simulation means that modelers obtain Immediate feedback on Fhe acceptability of their model and they can participate directly m the simulation to study both the dynamic and static behavior of the system, while it is executing.
Specific Features
INSIGHT differs from other simulation languages in several specific and important ways:
1. Incorporating many general and unique modeling concepts which can be imitated in other languages only by resortmg to programming.
These include reneging, free queues, algorithmic resource decision making, simultaneous multiple and resource abortion, multileve1 preemption, requirements, early/late activity arrivals, process synchronization, arbitrary gather grouping and queue departure processing, queue capture, set identification and attribute Inheritance, etc.
2. Using a specification language that permits run-time evaluation so that soecifications can be state-denendent and arbitrary functions o'f the entities, the system s&us? and the statistics. All information describing the simulation 1s directlv available without calls to subyoutines or procedure;. Expressions are not limited to arithmetic, conditional, and logical operations, but can incorporate assignments, decisions, and iterations to generalize and extend the modeling concepts and features.
3. Providing nonprocedural methods of statistics collection and display of simulation information.
In addition to automaticaily P reduced statistics, which can be modified, a broad range o other statistics and displays are available. For these, the modeler simply specifies what is needed and INSIGHT determines how to collect and display the results. Advanced statistical procedures for constructing confidence intervals and employing variance reduction are directly available without special routines or user-specified procedures.
4. Possessinr! a wide varietv of statistical innut mechanisms for reflecting avbroad range of input models. INSIGHT has a full set of standard built-in distributions, and facilities for arbitrary discrete and continuous distributions, such as those obtained from data.
Additionally, a time-varying Poisson process generator is available to model time-dependent processes and a multivariate Johnson system generator can be used for arbitrarily related multivariate input. The INSIGHT "help" facility aids in identifying and specifying appropriate input models.
5. Being portable between mainframe, mini, and micro computers and running similarly in different environments and on different machines.
INSIGHT uses common random number and variate generators for all imolementations and all versions are comple&y compatible, maihtaining thirty-two bit accuracy. The micro and mmi computer environment is fullv interact:ve and can be used to cons&uct models which can b& uploaded when execution demands greater execution speed.
6. Is fully supported and extensively tested, by being used in practice and in classroom.
There is a textbook, Simulation Modeling and Analysis with INSIGHT by Stephen D. Roberts I 1983) , and a user's manual exits for the mainframe version SysTech, Inc. 1985) and the interactive INSIGHT version Roberts 1986). These documents provide specific information on implementation details, error recovery, time and space use, and statistical features. The language and its environment is distributed and supported by SysTech, Inc.
Background
The INSIGHT language and its simulation environment have evolved from extensive actual experience over the past twelve years. For the past eight years it has been used at Purdue University in the senior course in Industrial En ineering a in Systems Analysis and Design where students ma e extensive use of it in their projects (Roberts 1982) . Much of the evolution of the language and its concepts and features have been motivated by an interest in an easy to learn and use simulation language which has general applicability and does not demand special programming or computer expertise. The primary emphasis has been the use of simulation in problemsoWing.
Because the INSIGHT user deals with direct interpretation of the s stem, attention is focused on modeling issues. INSIGH ?y models are visually ap ealing and easy to document. These models provide an exce lent communication medium P between the modeler and the client. Participation by the client in the modeling activity greatly enhances the credibility of the work and increases the chances that the findings will be implemented. INSIGHT has had routine application to a variety of problems involving production planrung, scheduling rrmiot;;patching, staffing, bottleneck. analysis, maternal handling, Inventory control, facilmes plannmg, resource balancing,. cost analysis, and productivity improvement in a variety of mdustrial and service environments.
BASIC INSIGHT CONCEPTS AND FACILITIES
When modeling with INSIGHT (INS), the modeler (user) graphically conceives of the system to be simulated as a network of elemental processes. INSIGHT provides a set of modeling symbols for creating a representation of the system and a vocabulary for describing the system. Building the simulation model involves connecting modeling symbols summarized in silhouette as Figure 1 , into a network that corresponds to the system being studied. The INSIGHT network is constructed about the flow of units of traffic called transactions. A transaction is a general term that is interpreted by the modeler in the problem context. For example, transactions may represent TVs coming into an inspection station, people arriving for haircuts, ships entering a harbor or customers coming into a gas station. The nodes within the network are used to create transactions, assign attributes, cause queuing, perform activities, synchromze flow, and eventually remove transactions from the network. The branches route transactions from one node to another.
Transactions may require resources to process them at activities. The resource m INSIGHT is also a general term applied to an entity that services transactions at one or more activities. Several resources may be required simultaneously at some activities. Resources may exercise independent decision making in fulfilling' their service requirements throughout a network. They may be service requirements or t K reempted by other more important ey may be unavailable for service by leaving the network from time to time. Examples of resources are: mspectors who inspect TVs, barbers who cut hair, tugs which assist ships in a harbor, and gas station attendants who serve customers.
A Simple Example: TV Inspection and Adjustment
As a portion of their production recess, TV sets are sent to a final inspection station. Some l-6 s fail inspection and are sent to an adjusting station. After adjustment, the TVs are returned for reins ection. needed is shown in P;. igure 2.
The simple 1NSIGHT network The INSIGHT Network Model. Transactions will re resent TVs since they are the units of traffic. Our resources WI 1 be an .P inspector who is needed at the inspection activity and an adjuster who is needed at the adjustment activity. AI1 nodes have an identifying node number located on the left side of the node. The arrow pointing out of the node is tailed a branch and indicates where the TVs go next. The TVs enter the network at a source node. The source node controls when and how many TVs will arrive. At Source node 1, interarrival times are determined by SAMpIes from statistical distribution number 1 and TVs will be created until simulation TIME is 480. The SAMple specification is just one of the many SystpmDefined Functions (SDFs) Appended to the network are the glossaries identifying the resources available to the network and defining the set of statistical distribution references.
Thus the INSIGHT network visually corresponds to our understanding of the real system. The symbols within the network not only convey indwidual processes but also contain relevant numerical data that control the processes. Very large or complex models can be created from such simple, basic P recesses by carefully assembling nodes and branches. The ecus of modeling IS confined to the construction of the network. Because the network has an intuitive appeal, it can be explained to decision makers in an effort to encourage their involvement in the modeling process. The following occurs only a fy a portion of an intro 8 ter a ":" uctory session, User input or a "?" prompt and is shown in full caps, although lower case is acceptable. The <CR> is used to denote where there is only a carriage return. For instance, the Modeler will question the user about the node number or node name or some characteristic of the node. Generally, the questions provide a "default" answer, so you can enter a specific answer or accept the default answer by a carriage return. There are a set of special responses which allow the user to issue commands at the response level, the most common of which is to obtain ";help."
As you answer questions about the model, the Modeler checks the acceptabihty of your response and will inform you if the response is Inconsistent with the rest of the model or if the response is erroneous. You can change your response and alter the model immediately, without manipulations.
The Modeler keeps tracl\f a?'&cificatlons complex and its advice is based not only on its general knowledge about INSIGHT, but also its growing knowledge about the model being built, typical of an expert system. The model will even accept complex, multi-line e ressions and edit them xp conveniently while checking them or Inconsistencies or misuse.
A special advantage in using the INSIGHT Modeler is that users need only be knowledgeable about the INSIGHT modeling concepts.
Details about specific features will be answered through the questioning by the Modeler. This approach is particularly valuable to modelers who do not want to be involved in the great detail, so often required of simulation users. Also, as a special aide to learning and use, the Modeler has a "knowledge level" that stipulates the level of INSIGHT knowledge required, so that more advanced concepts can be hidden from routme use, and the Modeler won't request more advanced information from a user whose knowledge is less.
You can cause your entire model to be checked for general as well as specific errors, possibly to correct them now or at some later time. The model can be saved during any stage of its development and restored later to be completed. However when the user believes the model is complete, the INSIGHT statement model needs to be created.
The Modeler will perform this function directly. A statement model for the TV problem is given in Figure 3 . The display of the current run and current time will appear as the simulation is executed and can be controlled by changing the frequency of current time updates. The user may interrogate the simulation at an r time during its execution, either by scheduling an interrupt rom this menu or by striking the carriage return. In either case the main menu appears.
Further execution of the simulation can employ one-event mode or direct execution.
In one-event mode the trace or English-like descri of the Interactive P tion of each event is displayed. An example NSIGHT system trace is the following: INSIGHT automatically collects a corn rehensive set of statistics about the simulation.
A variety o P reports based on these or additional statistics can be generated and be printed to the screen or to a file. The Summaly Report presents the entire set of statistics and : Figure 4 displays the summary report for the TV inspection problem at the end of the simulatron, although it could be examined at any time. instruction from the user, the Without any s ,ecific summa reports. The Network Status Report IJ report consists or three escrrbes the current state of the network. The Node Statistics describe: the number of transactions and time spent in each queue (including and excluding zero times); the number of transactions and the time spent in each activity; and the time in the network, in queues, and in activities for the transactions which exit the network at each sink node. Resource Statistics include utilization and availability information.
A Few More Modeling Concepts: Flexible Production Cell
To illustrate a few more modeling concepts within INSIGHT, consider the following problem.
A flexible production cell has three machine grou s, drills, mills, and heat .g. . treatment, which are used with the flex1 rhty of a job shop. The machines are operated by two categories of operators. One category can operate all three machme types but gives priority to heat treatment. The second category operates only the mills and drills. Two general job types are processed through the department and their drspatching at each machine group depends on job type at the mills and on job slack time at the heat treatment. The only important material handling occurs between the mills and the drills using a conveyor.
A model of the cell would naturally use transactions to represent the jobs and resources to represent the operators and the machines. The INSIGHT network model is given in Figure   5 . Activities 4, 7, and 9 represent the drilling, milling, and heat treatment activities respectively. LOWest value of the branching expressions following the activity. The SDF referring to NUMber in QUEue is used to supply the size of Queues 6 and 8. The shortest queue length consequently specifies where transactions branch. If movement is from Activity 4 to Queue 6, then transactions are delayed in Activity 5 to represent the movement on the conveyor. No resources are required for this activity.
Activities 4, 7, and 9 each require two resources, an operator and a machine, before the activity can begin. Both must be available simultaneously and the requirements are represented by the two columns of symbols above each activity. However, there are choices among alternatives for each requirement so the selection method is specified. Resources may be referred to by resource Thus resources of Type -2 (class s pe using negative numbers. operators) are in preferred ORDer to resources of Type -1 (class 1 operators). This means that whenever a choice among resources is possible, Type -2 is considered before T>lpe -1. Resources of the same type are chosen based on whichever has been AVAilable for selection (idIe) the longest.
However, when an operator finishes an activity, its next service must be determined.
This decision is accomplished by reference to the primary service nodes of the resources. Each queue but the operators ma represented by one (or more 4; decision trees, composed of deciston nodes and queues. The decision trees are found in a network glossary. In this case, the class 2 operators serve a subset of the class 1 operators. Class 1 operators PREfer service at Queue 8. However, the service of a particular job from Queue 8 is based on LOWest slack time, given as the DUE date less the CURrent simulation TlMe. Notice that the relative dispatching of each job can change dynamically and therefore, Queue 8 is designated as being FREe to permit any job to be served regardless of its position in the queue. If Queue 8 is empty when considered or if the resource is e -2 (class 2 operator) then Decision node 14 is employed. ueues 3 and 6 are examined and that QUEue having the HIGhest NUMber in the QUEue will be serviced.
Therefore, INSIGHT
easily accommodates some of the most complex aspects of modeling manufacturing systems. Multiple and simultaneous resource requirements at activities are possible. Resource decision making can be incorporated. Branchin cf involving conditions and expressions can be employe . Queue ranking and dynamic dispatching are easily handled, relying on the attributes of transactions. The importance of these extensions is that they did not clutter the network and the modeling framework retains its visual and communication benefits. In addition, even detailed specifications do not destroy the visual impact.
Furthermore, all this was accomplished without any programming.
MORE MODELING AND SIMULATION FACILITIES
The previous example illustrates only extensions to the simplest features.
Man other behaviors can be modeled simrlarly.
Reneging an8 balkmg at queues can be directly incorporated.
The definition of a queue can be broadened to include waiting for a gate condition and/or gather requirements to be satisfied. Transactions may be gathered and grouped at queues and then processed together in the associated activity.
Important realistic complications like resource preemption and its impact on other resources and transactions can be specified. Transactions can select resources in many ways and capture resources at a queue or activity. Many other features are incorporated, all wrthin the context of the SIX INSIGHT modeling symbols.
Although such embellishments greatly extend the modelin potential, they are readily incorporated into the network wit 3 out sacrificing its visual clarity. Many are added to the node description and the Modeler will request such information at a higher "knowledge Ievel." S. D. R:.)l)c~ts 3. 
INSIGHT Expressions
Much of the generalization in INSIGHT modeling is due to the powerful specification expressions. Expressions are combinations of primitive elements including constants, SDFs, attributes, and functions (which are themselves expressions) which are evaluated as the simulation executes. The SDFS represent system-defined elements, while the attributes and functions are user-defined.
In addition to arithmetic, relational, and logical expressions, INSIGHT will accept assignment, decision, and iteration constructs. For example, the expression (ACT = EIAXCCUR(TlM),lS-SAn (3))) causes the attribute ACl to be assigned the MAXimum of the CURrent TlMe and 15 less a SAMple from Distribution 3. Furthermore, the value of the expression itself is the assigned value and can be used to specify, for instance, an activity time. A decision expression as adds to the present value of TOT the value of BUSy TIMe for resource I iterating from I to NUMBER.
Special Functions
To obtain information about any transaction in the network, INSIGHT provides an Internal Transaction Pointer (ITP) which the modeler can employ anytime an expression is evaluated. It is another SDF. For example, ITP(3.5) + ABC yields the value of ABC for the third transaction in node 5. The ITP plays an analogous role in modeling to pointer variables in modern programmmg languages.
Other special SDFs exist within INSIGHT to control many other actions. For example, statistics may be cleared or started/stopped, special resports can be generated during the simulation, activity times may be changed, the simulation run can be stopped, resources can be made to arrive differently, etc. These functions can themselves satisfy specifications or become part of expressions which specify the model.
Expressions may be made arbitrarily complex to reflect sophisticated specifications and behaviors without changing the visual structure of the model. Because they are evaluated at run time, their specification can be symbolic to take advantage of state-dependent information.
Thus the network serves primarily as a structuring tool while the specifications actually prescribe the model behavior.
Again, even with these considerable complications, there remains no need for programming outside the INSIGHT language.
Statistical Analysis
In addition to providing a high level approach to simulation modeling, INSIGHT also contains a number of built-in features to make accurate estimates of the variance of the sample mean and to perform variance reduction. The modeler can directly specify that INSIGHT estimate variances by replications (uniquely seeded runs of the same simulation model) or by batches (division of observations in to collections of observations). INSIGHT does not automatically provide an estimate of the standard error from observations known to lack independence. This is why the output in the previous sections uses one observation per run to compute variances. Similar computations could be obtained using batches when dealing with a steady-state simulation. Tables can be used Figure 6 .
Start-up issues requiring special initial conditions can be specified directly within INSIGHT by the PRERUN that initializes variables and attributes and inserts transactions in nodes. Truncating data during start-up is accomplished by SDFs that can clear specified statistics. Clearing can occur within the network or be activated at a specific time. Furthermore, run length or batch size can also be controlled l *******.************ TASLES,WD HlSTOGRCYlS l ******CC*I***t,***** By default each distribution in the model has its own separate random number stream. There are over 2100 individual streams in INSIGHT.
Thus different experiments with a model automatically use common sources of variation.
Within an experiment, some runs may have common streams and other runs may be made antithetic automatically.
To maximize the applicability of these variance reduction procedures, INSIGHT employs inverse transform variate generators so that random numbers are inherently synchronized.
By including these features in INSIGHT, statistical analysis can become an integral part of simulation modeling.
Special attention has been given to random number and random variate generators in INSIGHT.
The random number generator (Marse and Roberts 1983 ) is comnletelv nortable to %ry machine having 32 bit or greater \;ord length while retaining excellent statistical nrooerties. The imnlementation of the ggnerator not only permits 'the automatic use of common variates but in combination with the variate generators causes INSIGHT simulation models to run identi&lly on different computers.
This makes simulation results portable. The variate generation process using inverse transforms is extensive, ranging from standard distributions to a time-varying Poisson process ) and a new multi-variate Johnson system generator that permits up to 42 dependent variates. More discussion of statistical issues in INSIGHT is found in Roberts and Klein (1982) .
Programming Interface
To allow conversation with other software, an interface is available which allows two-way communication of information. Using the interface, INSIGHT can be used in trace-driven simulations.
The interface can be used to store modelgenerated data in a file which is then available for further analysis.
Complex or frequently used procedures may be written in FORTRAN, C, or other linkable languages to reduce execution time.
SDFs and attributes may be -used in the routines to provide current status information, or cause simulation actions. or obtain statistical information which can be used to print reports tailored to the model. Facilities exist for user-determined events and statistics collection.
Finally, a program can be written to execute a simulation many times while testing various model parameters to optimize an objective function.
